Tinctures of eleven plants used as spices (basil, celery, dill, horsetail, lovage, marjoram, milfoil, oregano, parsley, rosemary, and thyme) were tested for their antiradical properties by means of the DPPH (1,1-diphenyl-2-picrylhydrazyl) assay over a two year period. Seven of these plants (basil, lovage, marjoram, milfoil, oregano, rosemary and thyme) were selected to obtain a mixture, which was tested in situ as antioxidant on vegetable and animal fats by an accelerated oxidation test at 110°C. The herbal extract also showed antimicrobial activity against Staphylococcus aureus (ATCC 25923), Streptococcus pyogenes (ATCC 49399), Escherichia coli (ATCC 25922) and Candida albicans (ATCC 24433).
INTRODUCTION
One of the major problems in food is the formation of undesirable lipid oxidation products that reduce the quality of foods during processing and storage. [1] Several synthetic and natural antioxidants with code numbers from E300 to E321 are used in food in the European Union. The E-code associated to a food additive indicates that it fulfills the European Scientific Committee for Food (SCF) safety requirements. However, some of these additives are suspected to be toxic and/or carcinogenic: propyl gallate (PG, E310) and its derivatives, tert-butylhydroquinone (TBHQ, E319), butylated hydroxyanisole (BHA, E320) and butylated hydroxytoluene (BHT, E321). [2] [3] [4] Aromatic plants and spices have great importance for food, cosmetics and pharmaceutical industries. Their use have taken place since ancient times, and despite many of them were substituted by synthetic ones, the demand for natural products is increasing. [5] In recent years, different spice extracts have appeared in the market as antioxidants for the food industry. The antioxidant capacity of some of these compounds has been shown to be comparable to synthetic antioxidants like a-tocopherol and butylated hydroxytoluene. [6] [7] [8] The essential oils of basil, celery, dill, horsetail, lovage, marjoram, milfoil, oregano, parsley, rosemary and thyme, extracted via steam distillation from leaves and/or flowers, have proven remarkable antioxidant properties. [9] [10] [11] Some of these oils have also been shown to contain biologically-active constituents with antimicrobial properties, most of them with terpenic structure, like carvacrol, isoterpinolene, caryophyllene, camphene, pinene, and thymol. [12] [13] [14] The use of essential oils is still limited because of their susceptibility to oxidation, volatility and/or thermal instability. [15] Some of these problems can be solved if, instead of oils, tinctures of the same plants are used. The purpose of this study was to prepare a natural extract from the spices used in the Romanian cuisine and to test its antioxidant and antimicrobial properties.
MATERIALS AND METHODS

Plant Material
Herbarium information of the eleven plant species which are individually numbered are as it follows: (1) basil (Ocimum basilicum), aerial part; (2) celery (Apium graveolens), leaves; (3) dill (Anethum graveolens), aerial part; (4) horsetail (Equisetum arvense), leaves; (5) lovage (Levisticum officinale), leaves; (6) marjoram (Maiorana hortensis), leaves; (7) milfoil (Millefoli flos), flowers; (8) oregano (Origanum vulgare), aerial part; (9) parsley (Petroselinum crispum), leaves; (10) rosemary (Rosmarinus officinalis), aerial part; and (11) thyme (Thymus vulgaris), aerial part. All these plants were acquired from an ecologic horticulture market, were washed with cold water and then dried at the room temperature.
Chemicals
The chemicals used were as it follows: DPPH (1,1-diphenyl-2-picrylhydrazyl) and indigo carmine (disodium-3-oxo-2-(3-oxo-5-sulfonato-1H-indol-2-ylidene)-1H-indole-5-sulfonate) from Merck (Darmstadt, Germany); ethanol (C 2 H 5 OH), methanol (CH 3 OH), glacial acetic acid (CH 3 COOH), propan-2-one (CH 3 -CO-CH 3 ), ethoxyethane (CH 3 -CH 2 -O-CH 2 -CH 3 ), potassium iodide (KI), potassium permanganate (KMnO 4 ), hydrogen chloride (HCl) -solution 36%, ammonium sulfate ((NH 4 ) 2 SO 4 ) and sodium thiosulfate (Na 2 S 2 O 3 ) from Chimopar (Bucure4ti, România). All chemicals and solvents used were of analytical grade.
Microbiological media (tryptic soy agar and Müller-Hinton agar) were purchased from Merck (Darmstadt, Germany) and Sabouraud-2% (m/v) glucose agar from Biolife (Milan, Italy). Discs impregnated with antibacterial and antifungal substances were purchased from HiMedia Laboratoires, (Mumbai, India): Ofloxacin (5μg/disc), Penicilin (10 UI/disc), Cloramfenicol (10 UI/disc), Oxacilin (1 μg/disc), Itraconazole (10 μg/disc) and Nistatin (30 μg/disc); Bioanalyse Ltd. (Ankara, Turkey): Erytromycin (15 μg/disc) and Abtek Biologicals Ltd. (Liverpool, UK): Gentamicin (10 μg/disc). The McFarland Standard for turbidity was purchased from BioMérieux (Marcy l'Etoile, France). Reference bacterial strains were purchased from Microbiologics (Saint Cloud, USA) and included Staphylococcus aureus ATCC 25923, Streptococcus pyogenes ATCC 49399, Escherichia coli ATCC 25922 and Candida albicans ATCC 24433.
Preparation of the Extract
The dried plants were ground to a fine powder and 10 g of each were mixed with 100 ml ethanol (analytical grade) in dark glass vessel and left for 10 days at room temperature.
ANTIOXIDANT AND ANTIMICROBIAL PROPERTIES OF SPICE EXTRACTS 537
The resultant extracts were collected through filtration on a 0.45 μm filter paper and the tinctures were kept in a refrigerator until analysis. For the final extract, a mixture formed from equal amounts of dried basil, lovage, marjoram, milfoil, oregano, rosemary, and thyme was subjected to the same treatment.
Main Phenolic Compounds (Antocianes and Tannins) Determination
The antocianes content was determined based on their property to present an absorption maximum at 550 nm in acid-alcoholic solutions. [16] Briefly, each tincture was evaporated under vacuum at 30-40°C. The obtained residuum was dissolved in a mixture of cold water and ethanol (50:50) and kept for 24 h into the refrigerator (8°C). The obtained powder was dissolved in methanol 50% by a short heating at 60°C, than it was filtrated and concentrated under vacuum at 30-40°C. The last set of operations was repeated once again. The resulted powder was dissolved in hot water for quantitative determination. Separately an acid-alcoholic solution was obtained by adding 20 mL of concentrated HCl (density of 1.19 g/mL) to 980 mL ethanol 96%. Into a 100 mL flask were introduced 10 mL sample and 90 mL acid-alcoholic solution. The obtained sample solution was centrifuged at 3000 rpm. Absorbance of supernatant, at 550 nm, was read against the acidalcoholic solution. The antocianes content in the sample solution, m, was determined with Eq. (1): where D 0 is absorbance value at 550 nm; and 0.015 is experimental coeficient. [16] To obtain tannins with a high purity degree, each tincture was saturated with ammonium sulfate. The formed precipitate was separated by filtration through a 0.45 μm filter and dried. Then it was purified by distillation with propan-2-one. The obtained residuum was washed with ethoxyethane and dried again. For quantitative determination solid was resolved in cold water. [16] Tannins were determined by cold titration with KMnO 4 solution in the presence of indigo carmine as an indicator. Briefly, into a 100 mL flask were introduced 50 mL indigo carmine 0.15% and 2 mL sample. The mixture was titrated with potassium permanganate 0.01 N, until a yellow color appeared. The volume of potassium permanganate used for titration was noted V 1 . The same procedure was used for a tartaric acid solution (5 g/L, solved in ethanol 10%). The volume of potassium permanganate used for titration was noted V 2 . The tannins content, n, (mg/mL) was determined with Eq. (2):
Measurement of the DPPH Radical-Scavenging Activity
The DPPH radical-scavenging activity was assessed using an improved spectrophotometric method. [17] Briefly, DPPH was dissolved in methanol (10 -4 M) and 2.9 mL of the solution was mixed with 0.1 mL sample (40 mg/mL) in 4 mL quartz vats (1-cm pathlength). The absorbance modifications were followed at 517 nm, by the means of an Ultrospec III (Pharmacia-LKB, Uppsala, Sweden) spectrophotometer, until a "plateau" was reached (1 min to 8 h, depending on the extract). Each experiment was repeated five times. The residual DPPH concentration was determined from the absorbance (A) values based on a m = 0.015D (mg/ml)
calibration relation (C DPPH = (A-1.006)/10970). The half-life time (t 1/2 , s) of the DPPH solution was determined for each added tincture. The antiradical activity (AA, mol/L) expressed as BHT equivalent concentration was calculated using the following formula [18] : AA = (2.3/t 1/2 ) 0.8 .
In Situ Antioxidant Activity Testing
From the DPPH measurements, the quantity of the extract expected to have the same antioxidant activity as 75 mg BHT/kg fat was evaluated (Romanian legislation allows maximum 100 mg BHT/kg fat) and it was found to be about 0.5 mL/kg fat. Corresponding amounts were introduced in unrefined sunflower oil and in lard, provided directly by the producer without any addition of synthetic antioxidants. To ensure fluidity, lard was heated at 40 o C. Portions of 100 mL samples were placed in 150 mL identical Berzelius flasks and then stirred for five minutes in an ultrasonic bath for better dispersion. Then they were exposed for five hours of daylight, exposure in order to initiate oxidation.
The antioxidant activity was tested on vegetable and animal fats using an accelerated oxidation test at 110°C for 100 hours, in a ventilated oven. The peroxide value (AOCS Cd 8b-90 (02)) and the specific UV absorbance (AOCS Ch 5-91 (01)) were evaluated. Samples were taken after 12, 36, 60, and 100 hours. For absorbance determination, an Ultrospec III spectrophotometer from Pharmacia-LKB (Uppsala, Sweden) was used. For UV spectra, 10 μL sunflower oil and respectively 3 μL lard were diluted in 3 mL isooctane in a quartz vat (1 cm pathlenghth). The results were compared to those for 75 mg BHT/kg added fat. Samples of unrefined sunflower oil and lard with no antioxidants were submitted to the same procedure.
Antibacterial Activity Testing
Before the analysis, bacterial strains were cultured on tryptic soy agar under aerobic conditions for 24 h at 37°C, except for Streptococcus pyogenes ATCC 49399, which was cultivated on tryptic soy agar with addition of 5% sterile defibrinated sheep blood. The yeast-like fungal strain Candida albicans was cultivated on Sabouraud 2% (m/v)-glucose agar under aerobic conditions for 48 h at 37°C.
The antibacterial activity of the extract was estimated using the disk agar diffusion method according to Kirby-Bauer test. [19] Briefly, inocula of bacterial cells and yeast-like fungal blastospores were suspended in sterile physiological saline until the density of the test suspension matched the turbidity standard, which was equivalent to a concentration of 3.0 × 10 8 /mL (McFarland Standard, BioMérieux, Marcy l'Étoile, France). Petri dishes (d = 9 cm) with Müller-Hinton agar (for bacterial species) or Sabouraud-agar (for yeastlike fungi) were inoculated with 1 mL of microbial suspension. The suspension was spread over the surface of the agar plates using a sterile 1 mL syringe to ensure complete coverage. Plates were left for 5 min before excess fluid was removed using a sterile pipette. Then, the inoculated Petri dishes were dried at room temperature for a maximum of 20 min.
Sterile paper discs impregnated with 80 μL of undiluted herbal extract were then aseptically applied to the surface of each of the inoculated plates, in a central position. Sterile forceps were used to place the antimicrobial discs on the plates and each disc was gently pressed to ensure even contact with the surface of the medium. Control discs impregnated with antimicrobial substances were also placed into the inoculated Petri dishes, at well-spaced intervals. Gentamicin, ofloxacin, cloramfenicol, penicillin, erytromycin and oxacillin were used as reference antibacterial and nistatin and itraconazole as reference antifungal substances. Inoculated plates were incubated for 20 h at 37°C for bacterial species, and 48 h for C. albicans. Inhibition zones were expressed in mm as the diameters of clear zones around discs. The results of antimicrobial activity were expressed as the mean value of three independent analyses.
RESULTS AND DISCUSSION
DPPH Radical-Scavenging Activity and Phenolic Compounds Content
The DPPH assay is based on the reaction between the stable free radical of DPPH (1,1-diphenyl-2-picrylhydrazyl) and molecules that can donate hydrogen atoms (such as most antioxidants). As a result a stable non-radical form of the DPPH was obtained (1,1-diphenyl-2-picrylhydrazine), with simultaneous change of the violet color to pale yellow due to the picryl group present in solution. The higher the antiradical activity of an extract, the faster would be the discoloration of DPPH solution. [18] The evolution of the antiradical activity for the studied extracts, over a two year period (which is exactly the shelf life of tinctures), is shown in Fig. 1 .
Due to the complex composition of plant extracts, a single/substance/single-assay produces relative results. [20] Therefore, antioxidant activities of those studied in this paper were also determined using the chemiluminescence method involving luminol. The measurements showed similar antioxidant properties. [21] In the freshly prepared tinctures, the most effective was that of milfoil one, followed by rosemary, marjoram, thyme, lovage, oregano, and basil. Dill, celery, horsetail and parsley had very low antiradical activities. The antocianes and tannins content for the eleven freshly prepared tinctures are given in Table 1 . The highest antocianes content was found in celery tincture and the smallest in dill and milfoil tinctures. The tannins content in rosemary tincture was almost double compared with oregano and marjoram tinctures and much higher than for the other tinctures. Parsley tincture had the smallest quantity of tannins. High values of antioxidant activity can be correlated with high phenolic compounds concentration.
After one year, the antiradical activity of the tinctures decreased more or less depending on the type of plant. Rosemary, thyme, oregano and basil exhibited little variation. The highest variation of the antiradical activity was noted for milfoil, followed by thyme and marjoram.
After two years, the activity of all tinctures decreased to less than a half comparing to the initial ones. The most active was the rosemary tincture followed by thyme, milfoil, and oregano.
The purpose of this study was to find a mixed tincture from spices with an aromatic effect, and with high antioxidant/antiradical activity. Based on the results shown in Figure 1 , tinctures of dill, celery, horsetail, and parsley were eliminated. A mixture of tinctures from milfoil, rosemary, marjoram, thyme, lovage, oregano and basil was further studied. These tinctures were chosen because of their high antioxidant activity (milfoil and rosemary tinctures), or due to their time constancy, especially during the first year.
The mixture was prepared in two ways and checked: (a) mixing equal amounts of tinctures of the seven selected plants; (b) obtaining directly a tincture from equal parts of the seven dried plants. The antiradical activity of the two mixtures, determined with the DPPH method as described previously, is summarized in Table 2 . Both mixtures had rich and pleasant aromas, but the antiradical activity of the mixture obtained by method (b) was twice that of the mixture (a). Thus, further research was done on the mixture obtained by method (b).
In Situ Antioxidant Activity
Peroxide value (PV). The peroxide value provides indication about the first oxidation step, the formation of hydroperoxides. [15] The change in PV of sunflower oil and *Results are expressed as mean ± SD (n = 5).
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lard, submitted to 110°C heating, with and without added antioxidant is given in Table 3 . Significant variations in PV values were noticed even during the first 12 h. During the first period, the PV is expected to increase because of fatty acids peroxidation. After that, the PV fluctuated because of the instability of the formed hydroperoxides at high temperatures. From Table 3 is clear that both the mixture and the BHT favorably influenced the peroxide formation in sunflower oil during the first hours. The antioxidant effect of BHT is manifested only in the late stages of the oxidation. In the case of lard, both the mixture and BHT were useful in retarding the oxidation process. The mixture was displaying even a better effect than the synthetic antioxidant during the last stages of oxidation. The small PV after prolonged oxidation period is due to the fact that most of the hydroperoxides had already been transformed in advanced oxidation products. [22] Specific UV absorbance. By monitoring the UV spectra, useful information can be obtained regarding the fatty acids oxidation. Some products of the oxidation process showed maximum absorption at a certain wavelength. Based on the absorbance values (E l ), the specific absorbance (K l ), at 232 and 270 nm, corresponding to conjugated dienes (K 232 ), and trienes (K 270 ) were calculated using the following formula [23] :
where "c" is the concentration (g/100 mL); and "l" is the path length. The K l values at 232 and 270 nm are shown in Table 4 . It can be noticed that in the case of the sunflower oil, *Results are expressed as mean ± SD (n = 5); **extract obtained by mixing equal amounts of the tinctures of the seven selected plants; and ***tincture obtained directly from equal parts of the seven dried plants. both BHT and the herbal extract showed little influence on the formation of conjugated dienes and trienes. However, their influence was significant in the case of lard. High values for K 232 and K 270 were obtained after 60 h, which were followed by small values at the end of the experiment (after 100 h). The decrease of the specific absorbance values may be correlated with polymeric film formation.
Antibacterial activity. The product so formulated exerted bactericidal activity against bacterial species Staphylococcus aureus, Streptococcus pyogenes and Escherichia coli, and also fungicidal activity against the yeast-like fungus Candida albicans ( Table 5 ). The largest inhibition zones were noticed against S. pyogenes (from 18 to 20 mm), and against S. aureus (from 17.5 to 19 mm). Smaller inhibition zones were recorded for the studied extract against E. coli (from 13 to 16). Strong fungicidal activity was shown by products against C. albicans, with the inhibition zones similar to S. aureus (from 17.5 to 19 mm).
The results suggested that antibacterial activity expressed against the Gram-positive pathogenic bacterial strains Staphylococcus aureus, Streptococcus pyogenes was comparable to the antimicrobial activity of the reference antibacterial substances. Antibacterial activity against Escherichia coli, a Gram-negative bacterium, was also detected, but at a much reduced level (half of the antibacterial activity exerted by the reference substances). Also, the strong fungicidal activity of the herbal extract was found to be comparable to that of the reference substances.
CONCLUSION
The herbal extract obtained from equal amounts of milfoil, rosemary, marjoram, thyme, lovage, oregano and basil displayed an antioxidant activity comparable to BHT, both on saturated and unsaturated fats. The plant mixture also rendered a remarkable antimicrobial activity against Staphylococcus aureus, Streptococcus pyogenes, Escherichia coli, and Candida albicans. Taking also into account its rich and pleasant aroma, this extract might be recommended as a natural additive with antioxidant, antimicrobial and aromatic properties that may be used to replace synthetic antioxidants in the food products. 
